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Measurement-based quantum computing is one of the most promising quantum computing models. Among
various universal resource states proposed so far, the Union Jack state is the best in the sense that it requires
only Pauli-X , Y , and Z basis measurements. It was open whether only two Pauli bases are enough for universal
measurement-based quantum computing. In this paper, we construct a universal hypergraph state that only
requiresX and Z-basis measurements. We also show that the fidelity between a given state and our hypergraph
state can be estimated in polynomial time using only X and Z-basis measurements, which is useful for the
verification of quantum computing. Furthermore, in order to demonstrate an advantage of our hypergraph state,
we construct a verifiable blind quantum computing protocol that requires onlyX and Z-basis measurements for
the client.
I. INTRODUCTION
Quantum computing is believed to solve several problems
faster than classical computing [1–3]. Toward realizations
of universal quantum computers, several quantum comput-
ing models have been proposed, such as the quantum circuit
model [4], adiabatic quantum computing [5], measurement-
based quantum computing (MBQC) [6, 7], and topological
quantum computing [8]. Among these, MBQC is one of the
most promising models. In MBQC, quantum computing pro-
ceeds via adaptive single-qubit measurements on a highly en-
tangled state, a so-called universal resource state. This im-
portant advantage of MBQC, namely, the fact that all multi-
qubit operations can be done offline, fits MBQC to several
physical systems such as photons [9, 10], cold atoms [11], ion
traps [12], and superconducting circuits [13].
In the original proposal of MBQC [6, 7], the cluster
state [14], which is the graph state on the two-dimensional
grid, is used as a universal resource state, and measurement
bases {X,Y, Z, TXT †} are required, where T ≡ |0〉〈0| +
eiπ/4|1〉〈1|. Recently, Mantri et al. have removed the ne-
cessity of the Z-basis measurement by transforming the orig-
inal measurement pattern [15]. In other words, the number
of measurement bases was reduced from four to three. Find-
ing fewer and simpler measurement bases is essential for re-
alizations of MBQC, because measurements are only online
operations. Furthermore, when MBQC is applied to cloud
(blind) quantum computing [16], fewer and simpler measure-
ment bases are more desirable for the client, who securely
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Resource state Measurement basis Class
Cluster state X, Y, TXT † [15] graph state
Brickwork state X, Y, TXT † [17] graph state
Triangular lattice state X,Z,H,XHX [18] graph state
RHG lattice X,Y, Z, TXT † [20, 25] graph state
Decorated RHG lattice X, Y, TXT † [21] graph state
AKLT state qutrit bases [23] matrix-product state
Union Jack state X,Y, Z [24] hypergraph state
Our state X,Z hypergraph state
TABLE I: Required measurement bases for various universal re-
source states of MBQC. Here, H ≡ |+〉〈0| + |−〉〈1| and T ≡
|0〉〈0| + eipi/4|1〉〈1|, where |±〉 ≡ (|0〉 ± |1〉)/√2. Operators X ,
Y , and Z are Pauli-X , Y , and Z operators, respectively. Hypergraph
states are generalizations of graph states (for details, see Sec. II).
delegates his/her quantum computing to a remote quantum
server.
Since the first introduction of the cluster state [6, 7], sev-
eral other universal resource states have been found, such
as the brickwork state [17], the triangular lattice state [18],
the Raussendorf-Harrington-Goyal (RHG) lattice [19, 20], the
decorated RHG lattice [21], the Affleck-Kennedy-Lieb-Tasaki
(AKLT) state [22, 23], and the Union Jack state [24]. Table I
summarizes required measurement bases for each resource
state. The AKLT state is a qutrit state, and the Union Jack
state is a hypergraph state (for the definition of hypergraph
states, see Sec. II). All other states are graph states. All these
graph states need more than three bases, and in fact it seems
that at least three bases are necessary as long as we use graph
states. This is because at least two Clifford bases seem to be
necessary, and due to the Gottesman-Knill theorem, another
additional non-Clifford basis is unavoidable.
The Union Jack state [24] is the best universal resource state
2in the sense that it requires only three measurement bases and
these measurement bases are the simplest ones, i.e. Pauli X ,
Y , and Z bases. Can we further improve it? In other words,
is there any universal resource state that needs only two Pauli-
basis measurements?
In this paper, we solve this open problem affirmatively.
More concretely, we construct a hypergraph state |Gdn〉 that
only requires adaptive X and Z-basis measurements to sim-
ulate any n-qubit d-depth quantum circuit consisting of the
Hadamard gate H ≡ |+〉〈0| + |−〉〈1| and the controlled-
controlled-Z (CCZ) gateCCZ ≡ I⊗3−2|111〉〈111|, where
|±〉 ≡ (|0〉 ± |1〉)/√2, and I is the two-dimensional identity
gate. Since the gate set {H,CCZ} is universal [26], our state
|Gdn〉 is a universal resource state.
Our universal resource state is constructed in the following
three steps. First, we define a hypergraph state |G13〉 that can
simulate any three-qubit one-depth quantum circuit consist-
ing ofH and CCZ . Second, by entangling them hypergraph
states |G13〉⊗m, we construct another hypergraph state |G1n〉
that can simulate one-depth quantum computing on n input
qubits, where m = poly(n). Finally, by entangling the d
hypergraph states |G1n〉⊗d, we construct the hypergraph state
|Gdn〉. In the proof of universality, we only use basic tech-
niques of MBQC: an X-basis measurement teleports a qubit
(up to an Hadamard gate), and a Z-basis measurement decou-
ples a qubit.
Note that in this paper we require that a resource state is
a fixed state independent of the quantum circuit that we want
to implement, because otherwise the open problem is trivially
solved. For example, universal quantum computing is pos-
sible with X and Z-basis measurements on Feynman-Kitaev
history states [27–29]. (More trivially, no measurement is re-
quired to simulate a quantum circuit U if our “resource state”
is U |0〉⊗n.)
We also discuss the verifiability of our hypergraph state us-
ing existing verification protocols [30–32] without assuming
any independent and identically distributed (i.i.d.) property.
More concretely, we show that the fidelity between a given
state and our hypergraph state can be estimated in polynomial
time using only non-adaptive X and Z-basis measurements.
Therefore, when MBQC is performed using our hypergraph
state, both the verification and the computation are achieved
with only X and Z-basis measurements. This result should
be contrasted with the graph state case: the verification of
graph states can be done with only X and Z-basis measure-
ments [33–35], but when we do MBQC on a graph state, an
extra non-Clifford basis measurement is necessary (due to the
Gottesman-Knill theorem).
In order to demonstrate an advantage of our hypergraph
state, we propose a verifiable blind quantum computing
(VBQC) protocol in which the client only needs X and Z-
basis measurements. In VBQC, a client with computation-
ally weak quantum devices delegates universal quantum com-
puting to a remote quantum server in such a way that the
client’s privacy (input, algorithm, and output) is information-
theoretically protected and at the same time the honesty of the
server is verifiable. In the original proposal of VBQC [36],
the client has to prepare ten kinds of single-qubit states at the
server’s side. Although this requirement for the client has al-
ready been reduced to the X and Z-basis measurements in
Ref. [37], our VBQC protocol is much simpler than it (for
details, see Sec. V).
The rest of this paper is organized as follows: In Sec. II, as
preliminaries, we review the definition of hypergraph states.
In Sec. III, as the main result, we construct the universal hy-
pergraph state that enables universal quantum computing with
X and Z-basis measurements. In Sec. IV, we discuss the ver-
ifiability of our hypergraph state without assuming any i.i.d.
property. In Sec. V, we propose the VBQC protocol using our
hypergraph state. Section VI is devoted to the conclusion and
discussion.
II. HYPERGRAPH STATES
In this section, we review the definition of hypergraph
states [38].
Definition 1 (Hypergraph states) Let G ≡ (V,E) be a hy-
pergraph, i.e. a pair of a set V of vertices and a set E of hy-
peredges, where the number |V | of vertices is n. A hyperedge
is a set of vertices. A hypergraph state |G〉 corresponding to
G is defined as
|G〉 ≡
(∏
e∈E
C˜Ze
)
|+〉⊗n,
where each |+〉 state is placed on each vertex,
C˜Ze ≡
⊗
i∈e
Ii − 2
⊗
i∈e
|1〉〈1|i
is the generalized controlled-Z (CZ) gate acting on vertices
in the hyperedge e, and Ii is the two-dimensional identity gate
on the ith qubit.
Note that in this paper, we only consider hypergraph states
satisfying 2 ≤ |e| ≤ 3 for all e ∈ E, where |e| is the num-
ber of vertices in the hyperedge e, because such a restriction
is enough for the construction of our hypergraph state. When
|e| = 2 and 3, the generalized CZ gate becomes the conven-
tional CZ gate CZ ≡ |0〉〈0| ⊗ I + |1〉〈1| ⊗ Z and the CCZ
gate, respectively. Since the CCZ gate is a non-Clifford op-
eration, hypergraph states are out of the application range of
the Gottesman-Knill theorem.
III. PAULI-X AND Z UNIVERSAL HYPERGRAPH STATE
In this section, we give the hypergraph state |Gdn〉 that en-
ables n-qubit d-depth universal quantum computing with only
adaptive X and Z-basis measurements. To this end, first, in
Sec. IIIA we construct a small hypergraph state |G13〉 that can
simulate one-depth quantum computing on three input qubits.
Second, in Sec. IIIB, by entangling them =
(
n
3
)
small hyper-
graph states |G13〉⊗m and several single- and two-qubit states,
we construct another hypergraph state |G1n〉 that can simulate
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FIG. 1: The hypergraph G13 to define the hypergraph state |G13〉 simulating any one-depth quantum circuit consisting of H and CCZ on three
input qubits. The orange rectangle represents a hyperedge connecting three vertices. The hypergraph G13 has 66 vertices and is separated into
five regions. In addition, the fourth region is also separated into three parts. Each circled number represents the number of each region. Since
input (blue) and output (yellow) qubits are prepared in the first and the fifth regions, we call them the input and output regions, respectively.
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FIG. 2: Measurement patterns to realize single-qubit operations.
This figure shows a graph state and the measurement patterns on the
graph state. X and Z represent the X and Z-basis measurements,
respectively. (a) The measurement pattern for the identity operator.
(b) The measurement pattern for the Hadamard gate.
one-depth quantum computing on n input qubits. Finally, in
Sec. III C, by entangling the d hypergraph states |G1n〉⊗d and
several single-qubit states, we define the target hypergraph
state |Gdn〉 on poly(n) qubits that can simulate d-depth quan-
tum computing on n input qubits. That is, our hypergraph
state |Gdn〉 realizes universal quantum computing only withX
and Z-basis measurements.
A. A hypergraph state for one-depth quantum computing on
three input qubits
To simulate one-depth quantum computing on three input
qubits, we define the hypergraph state |G13〉 on 66 qubits,
based on the hypergraphG13 defined in Fig. 1. It satisfies the
following theorem:
Theorem 1 The hypergraph state |G13〉 defined by Fig. 1 can
simulate any one-depth quantum circuit consisting of H and
CCZ on three input qubits with adaptiveX andZ-basis mea-
surements.
Proof. Our idea is that we embed all nine patterns, Ha ⊗
Hb⊗Hc and CCZ , where a, b, c ∈ {0, 1}, of applying quan-
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FIG. 3: The measurement pattern to realize the CCZ gate up to
nonlocal byproducts (CZ gates).
tum gates into the hypergraph state |G13〉 and then select one
pattern by adaptiveX and Z-basis measurements. Below, we
show Theorem 1 according to two steps.
Step 1: Simulation ofH and CCZ up to byproducts
The first region in Fig. 1 corresponds to three input qubits.
The second region corresponds to the one-depth quantum
computation. In MBQC, by measuring a qubit whose state
is |ψ〉 in the X basis, |ψ〉 is teleported to a neighboring qubit
connected to the measured qubit whileH is applied on |ψ〉. In
other words, the state of the neighboring qubit becomesH |ψ〉
up to a Pauli byproduct. On the other hand, by measuring a
qubit in the Z basis, we can decouple the qubit from other
qubits. In this proof, we use these two properties of MBQC.
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FIG. 4: The hypergraph G14 to define the hypergraph state |G14〉 that enables one-depth quantum computing on four input qubits using X and
Z-basis measurements. Each rectangle represents the hypergraph G13 defined in Fig. 1.
First, we explain how to perform a tensor product of sin-
gle qubit operations, i.e. Hi (i ∈ {1, 2, 3}), Hj ⊗ Hk
((j, k) ∈ {(1, 2), (1, 3), (2, 3)}), orH1 ⊗H2 ⊗H3 (Remem-
ber that we now focus on the universal gate set {H,CCZ}).
These operations can be realized by the combination of the
Hadamard gates and the identity operators. In Fig. 2, we give
the explicit measurement patterns to realize these two opera-
tions. We choose a single path by the X-basis measurements,
and delete other two paths by theZ-basis measurements. Con-
sider for instance applyingH ⊗H ⊗ I on input qubits |+〉⊗3.
In this case, for the first and the second input qubits, we se-
lect the lower paths. For the third input qubit, we select the
upper path. As a result, from the two properties of MBQC,
(H⊗H⊗I)|+〉⊗3 is prepared in the third region up to byprod-
ucts. Since the byproducts are tensor products ofX andZ , we
can remove its effect by adapting following single-qubit mea-
surement directions.
However, when we simulate CCZ , byproducts include the
CZ gates, because Xi(CCZijk)Xi = CCZijkCZjk . In or-
der to simulate CCZ , we measure qubits in the first and the
second regions following the measurement pattern in Fig. 3.
This measurement pattern corresponds to select the middle
paths for all input qubits. As a result, the state of qubits in the
third region becomes CCZ|+〉⊗3 up to byproducts including
CZ gates. Since CZ is not a single-qubit Pauli operation, we
have to correct it.
Step 2: Correction of nonlocal byproducts caused by ap-
plying a CCZ
In order to correct CZ gates, we use qubits in the fourth
region in Fig. 1. Note that Pauli byproducts do not have
to be corrected at this time because they can be accounted
by adapting following single-qubit measurement directions.
In the fourth region, we again use X and Z-basis measure-
ments to realize gate teleportations and decoupling. Now, as
a byproduct, there are three kinds of CZ gates, i.e. CZ12,
CZ13, and CZ23. The three parts of the fourth region are pre-
pared to correct each of them. In the first part of the fourth
region, there are two paths for the first and the second input
qubits. If qubits in the upper paths are measured in the X ba-
sis and other two qubits in the lower paths are measured in
the Z basis, CZ is applied on the first and the second input
qubits. In other words, we can correct the byproduct CZ12.
On the other hand, if we do not want to apply the CZ12, we
select the lower paths, i.e. measure qubits in lower and up-
per paths in the X basis and the Z basis, respectively. With
respect to the third input qubit, by measuring qubits in the X
basis, the state in the third region is teleported to the region
between the first and the second parts of the fourth region.
The same argument holds for the second and the third parts of
the fourth region to correct CZ13 and CZ23. Finally, the out-
put quantum state is teleported in the fifth region up to Pauli
byproducts. Therefore, we can simulate any one-depth quan-
tum circuit consisting of H and CCZ on three input qubits
using the hypergraph state |G13〉 defined by Fig. 1. 
B. A hypergraph state for one-depth quantum computing on n
input qubits
In this subsection, based on the hypergraph state |G13〉 given
in the previous subsection, we construct another hypergraph
state |G1n〉 that can simulate one-depth quantum computing on
n input qubits. Before explaining the general construction of
|G1n〉 for any n, here we explain our basic idea with a simple
example of n = 4. When n = 4, one-depth quantum com-
puting means that we can apply Hi (1 ≤ i ≤ 4), Hi ⊗ Hj
(1 ≤ i < j ≤ 4), Hi ⊗ Hj ⊗ Hk (1 ≤ i < j < k ≤ 4),
H1 ⊗ H2 ⊗ H3 ⊗ H4, CCZijk (1 ≤ i < j < k ≤ 4), or
CCZijk ⊗Hl (1 ≤ i < j < k ≤ 4, l 6= i, j, k) as our wish.
Let us consider a hypergraph state |G14〉 defined by Fig. 4.
From Theorem 1, |G13〉1, |G13〉2, |G13〉3, and |G13〉4 can be used
to perform CCZ123, CCZ124, CCZ134, and CCZ234, re-
spectively. The Hadamard gate H and the identity operator
I can also be applied on any input qubit using the measure-
ment pattern similar to that of Theorem 1. Note that the first,
second, and third input qubits are included in |G13〉1. Simi-
larly, the second, third, and fourth output qubits are included
in |G13〉4. In other words, we embed all patterns of one-depth
quantum computing on four input qubits into the hypergraph
5state |G14〉 defined by Fig. 4, and then we select a single pattern
from them using X and Z-basis measurements. Therefore,
the hypergraph state |G14〉 defined by Fig. 4 enables one-depth
quantum computing on four input qubits with X and Z-basis
measurements.
For general n, we apply the same idea as the case of n = 4.
Using the m =
(
n
3
)
hypergraph states |G13〉⊗m, we define the
hypergraph state |G1n〉 on (2n+63)
(
n
3
)−n qubits as follows:
Definition 2 The hypergraph state |G1n〉 is the state con-
structed in the following three steps (see Fig. 5):
Step 1. Preparem states, 3(m−2)+n states, and (n−3)(m−
1) states in |G13〉, |+〉, and |Φ+〉 ≡ CZ|+〉⊗2, respec-
tively. Here,m =
(
n
3
)
.
Step 2. Let |G13〉i be the i-th |G13〉 (1 ≤ i ≤ m). Apply the CZ
gate on each qubit in the fifth region of |G13〉j and |+〉,
where 1 ≤ j ≤ m − 1. For the definition of the region
of |G13〉, see Fig. 1.
Step 3. For all (i, j, k) (1 ≤ i < j < k ≤ n) except for
(i, j, k) = (1, 2, 3) and (n − 2, n − 1, n), apply the
CZ gates on the i-th, j-th, and k-th qubits in the final
layer of the t-th (t ≥ 1) group and the first, second, and
third qubits in the first region of |G13〉t+1, respectively,
where
t =
(
i−1∑
s=0
n−1∑
l=2
n− l − s+ 1
)
+
(
j−i∑
l=1
n− l − i+ 1
)
+k − j − (n+ 1)(n− 2)
2
− n+ i− 1.
Note that the above operations are done such that the
w-th (1 ≤ w ≤ n) qubit from the top in the final layer
of the t-th group is connected to that in the final layer
of the (t + 1)-th group via |G13〉t+1. In addition, if t 6=
m − 1, apply the CZ gate on each other qubit (qubits
except for the i-th, j-th, and k-th ones) in the final layer
of the t-th group and a left qubit of |Φ+〉 in the (t+1)-th
group. Here, the left qubit denotes a qubit that is not in
the final layer. On the other hand, if t = m − 1, apply
the CZ gate on each other qubit in the final layer of the
(m− 1)-th group and |+〉 in them-th group.
In Definition 2, when n = 4, (i, j, k) can be equal to (1, 2, 4),
(1, 3, 4), and (2, 3, 4). For each value, t = 1, 2, and 3, re-
spectively. Therefore, in this case, |G1n〉 indeed becomes the
hypergraph state corresponding to G14 shown in Fig. 4. In ad-
dition, since |G13〉 is composed of 66 qubits, fromDefinition 2,
we can calculate the number of qubits in |G1n〉 as follows:
66
(
n
3
)
+ 2(n− 3)
((
n
3
)
− 1
)
+ 3
((
n
3
)
− 2
)
+ n
= (2n+ 63)
(
n
3
)
− n. (1)
The hypergraph state |G1n〉 satisfies the following corollary:
Corollary 1 The hypergraph state |G1n〉 in Definition 2 can
simulate any one-depth quantum circuit consisting of H and
CCZ on n input qubits with adaptive X and Z-basis mea-
surements.
Proof. In our construction, any triple of qubits are connected
via |G13〉. This means that CCZ and H can be applied any
input qubit using the measurement pattern similar to that of
Theorem 1. Therefore, we can simulate one-depth universal
quantum computing on n input qubits. 
C. A hypergraph state for universal quantum computing
Using the hypergraph state |G1n〉 defined in Definition 2, we
define the target hypergraph state |Gdn〉 on d(2n+63)
(
n
3
)−n
qubits, which enables d-depth universal quantum computing
on n input qubits with only adaptiveX and Z-basis measure-
ments, as follows:
Definition 3 The hypergraph state |Gdn〉 is the state con-
structed in the following three steps (see Fig. 6):
Step 1. Prepare d states and n(d − 1) states in |G1n〉 and |+〉,
respectively.
Step 2. Let |G1n〉i be the i-th |G1n〉. For all t (1 ≤ t ≤ d − 1),
apply the CZ gate on each of |+〉 in the t-th column and
each of the right-most qubit (output qubit) in the m-th
group of |G1n〉t such that the j-th (1 ≤ j ≤ n) qubit
from the top in the t-th column is connected to the j-th
output qubit from the top in the m-th group of |G1n〉t.
For the definition of the group of |G1n〉, see Fig. 5. Here,
m =
(
n
3
)
.
Step 3. For all t (1 ≤ t ≤ d − 1), apply the CZ gate on each
of |+〉 in the t-th column and each of the left-most qubit
(input qubit) in the first group of |G1n〉t+1 such that the
j-th (1 ≤ j ≤ n) qubit from the top in the t-th column
is connected to the j-th input qubit from the top in the
first group of |G1n〉t+1.
Combining Eq. (1) and Definition 3, we can calculate the
number of qubits in |Gdn〉 as follows:
d
[
(2n+ 63)
(
n
3
)
− n
]
+ n(d− 1)
= d(2n+ 63)
(
n
3
)
− n. (2)
Hence, when d = poly(n), the number of vertices of Gdn is
poly(n). Furthermore, the maximal number of vertices con-
nected to a hyperedge is upper bounded by a constant num-
ber, which is three in our case. Therefore, the number of
hyperedges is also poly(n). In short, our hypergraph state
|Gdn〉 is generated in poly(n) time from poly(n) qubits when
d = poly(n).
Our universal hypergraph state |Gdn〉 satisfies the following
theorem:
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FIG. 5: The construction of the hypergraph G1n to define |G1n〉. Each rectangle represents the hypergraph G13 defined in Fig. 1. The black,
blue, and orange lines represent edges corresponding to the CZ gates applied in steps 1, 2, and 3, respectively. Here,m =
(
n
3
)
.
Theorem 2 The hypergraph state |Gdn〉 in Definition 3 can
simulate any d-depth quantum circuit consisting of H and
CCZ on n input qubits with adaptive X and Z-basis mea-
surements.
Proof. Using the teleportation by the X-basis measurement,
we can teleport the state of output qubits of |G1n〉t to input
qubits of |G1n〉t+1 via qubits in the tth column. Therefore,
from Corollary 1, |Gdn〉 enables d-depth universal quantum
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FIG. 6: The construction of the hypergraph Gdn to define our universal hypergraph state |Gdn〉. Each rectangle represents the hypergraph G1n
defined in Fig. 5. The blue and orange lines represent edges corresponding to the CZ gates applied in steps 2 and 3, respectively.
computing on n input qubits. 
Theorem 2 shows that our hypergraph state |Gdn〉 only re-
quiresX andZ-basis measurements to realize universal quan-
tum computing. In other words, when d = poly(n), we can
efficiently simulate any d-depth quantum circuit consisting of
poly(n) number ofH andCCZ bymeasuring our hypergraph
state |Gdn〉 in theX and Z bases.
IV. VERIFICATION OF OUR UNIVERSAL HYPERGRAPH
STATE
In this section, we discuss the verifiability of our hyper-
graph state |Gdn〉 in non-i.i.d. case. Let us consider the follow-
ing general situation: there exist two parties, Alice and Bob.
Alice can only perform single-qubit measurements and has no
quantummemory. On the other hand, Bob possesses a univer-
sal quantum computer, i.e. he can prepare universal resource
states. Therefore, she delegates the preparation of universal
resource states to Bob, and he sends each qubit of his gener-
ated state one by one to Alice. However, since she does not
trust him, she has to verify the correctness of his state.
Let us assume that we want to verify an N -qubit hyper-
graph state |G〉 corresponding to the hypergraph G. So far,
several verification protocols for hypergraph states have been
proposed [30–32]. The most resource-efficient one [32] is the
following protocol (see Fig. 7):
1. Bob generates an N(ℓ + 1)-qubit state ρ and sends
each qubit to Alice one by one, where N = d(2n +
63)
(
n
3
) − n in our case (see Eq. (2)). If Bob is honest,
ρ = (|G〉〈G|)⊗ℓ+1. If Bob is malicious, ρ is an arbi-
trary quantum state, which may be entangled. Without
loss of generality, we can assume that ρ consists of ℓ+1
registers, and each register storesN qubits.
2. Alice uniformly randomly chooses ℓ registers from ℓ+1
registers. For each of them, Alice applies the follow-
ing protocol, the so-called cover protocol [32]: Al-
ice uniformly randomly chooses the value of i from
{1, 2, . . . , χ(G)} and then applies the ith color test.
(Definitions of χ(G) and the ith color test are given
later.) If all ℓ registers pass the tests, Alice proceeds
the next step. Otherwise, Alice aborts the protocol.
3. Alice uses the remaining single register ρr to perform
MBQC.
Let us define χ(G). It is the chromatic number of G, i.e.
the minimal number of colors in any hypergraph coloring of
G. Here, a hypergraph coloring is a way of coloring each
vertex such that no hyperedge contains two vertices having
the same color. We say that G is χ(G)-colorable. Let Ci
(1 ≤ i ≤ χ(G)) be the set of vertices colored by the ith color.
By definition, any two elements ofCi are disconnected to each
other, and ∪χ(G)i=1 Ci = V , where V is the set of vertices of G.
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FIG. 7: The verification protocol for an N -qubit hypergraph state
|G〉. First, Bob generates an N(ℓ + 1)-qubit state ρ, and sends each
qubit of them to Alice one by one. The quantum state ρ consists
of ℓ + 1 registers, and each register stores N qubits. Second, Alice
uniformly randomly chooses ℓ registers and tests them. If all the
measurement outcomes satisfy Eq. (3), the remaining single register
ρr is guaranteed to be close to the ideal hypergraph state |G〉 (for
details, see Theorem 3). Therefore, Alice can safely use ρr for her
MBQC.
We also define the ith color test.
ith color test We measure qubits in Ci in the X basis and
other qubits in the Z basis. These measurements cor-
respond to measure stabilizers of |G〉. Let oj be the
measurement outcome on the jth (1 ≤ j ≤ N) qubit.
If
oj +
∑
e∈E|e∋j
∏
k∈e,k 6=j
ok ≡ 0 (mod 2) (3)
for all j ∈ Ci, we consider that the ith test is passed.
Here, e ∈ E|e ∋ j means the summation over hyper-
edges that include the jth vertex. Eq. (3) means that the
tested register is properly stabilized.
This verification protocol satisfies the following theorem:
Theorem 3 (Ref. [32]) Let
ℓ =
⌈
χ(G)(1 − δ)
δǫ
⌉
,
where ⌈·⌉ is the ceiling function. Then, if Alice proceeds step
3,
〈G|ρr |G〉 ≥ 1− ǫ
holds with probability at least 1− δ.
This theorem means that we can estimate the lower bound of
the fidelity 〈G|ρr|G〉 between the given state ρr and the target
hypergraph state |G〉.
Now let us apply the verification protocol to our hypergraph
state |Gdn〉. To derive the number of registers required to verify
our hypergraph state |Gdn〉, we show the following theorem:
Theorem 4 Let Gdn be a hypergraph defined in Definition 3.
Then,
χ(Gdn) = 3.
FIG. 8: A three-coloring ofG13. Most importantly, six vertices corre-
sponding to the input and output qubits are colored in the same color
(red). This property is useful to show χ(Gdn) = 3.
Proof. Since themaximum order of hyperedges ofGdn is three,
χ(Gdn) ≥ 3. The task left is to show that three colors are suffi-
cient for coloring of Gdn. To this end, first, we give an explicit
coloring of G13 in Fig. 8. From Fig. 8, it is evident that three
colors (red, black, and white) are sufficient for coloring ofG13.
Next, based on this coloring, we consider the coloring of G1n.
In the construction of |G1n〉 (see Fig. 5), we use quantum states
|G13〉, |Φ+〉, and |+〉. Each |G13〉 is colored in the same man-
ner as in Fig. 8. Since input and output qubits of |G13〉 are
colored in the same color (red), each single qubit |+〉 except
for them in the mth group and each right qubit of |Φ+〉 can
be colored in black (or white). In this case, the other qubits
can be colored in red. Therefore, G1n is also three-colorable.
Furthermore, from this coloring, we notice that input and out-
put qubits of |G1n〉 are also colored in the same color (red).
As a result, in the construction of |Gdn〉 (see Fig. 6), all sin-
gle qubits in columns can be colored in black (or white). This
means that χ(Gdn) = 3. 
From Theorem 3 and Theorem 4, we obtain
Corollary 2 Our hypergraph state |Gdn〉 can be verified using
⌈3(1− δ)/(δǫ)⌉+ 1 samples (registers).
It is important to point out that the chromatic number of the
Union Jack state is also three [32], which means that the effi-
ciency of verifying our hypergraph state is the same as that of
verifying the Union Jack state.
In short, from Theorem 2, Corollary 2, and the fact that the
existing polynomial-time verification protocols [30–32] only
requireX and Z-basis measurements, the following corollary
holds:
Corollary 3 Our hypergraph state |Gdn〉 is a polynomial-time
generated quantum state such that X and Z-basis measure-
ments are sufficient
1. to simulate universal quantum computing in polynomial
time of n, and
2. to estimate the fidelity in polynomial time of the size of
the hypergraph state.
Importantly, all existing other universal resource states require
at least one additional measurement basis other thanX and Z
bases, while Corollary 3 says that our hypergraph state only
needsX and Z-basis measurements for both MBQC and ver-
ification. It is an important advantage of our hypergraph state.
9V. APPLICATION
In this section, utilizing our hypergraph state |Gdn〉, we pro-
pose a VBQC protocol where requirements for a client is only
X andZ-basis measurements. In VBQC, a client with compu-
tationally weak quantum devices delegates universal quantum
computing to a remote quantum server in such a way that the
client’s privacy (input, algorithm, and output) is information-
theoretically protected and at the same time the honesty of the
server is verifiable.
Our VBQC protocol runs as follows (the protocol is de-
scribed for an honest server. If the server is malicious, the
server can do any deviation that does not violate the no-
signaling principle.):
1. The client chooses the value of ℓ′ from {1, 2, . . . , ℓ+1}
uniformly at random.
2. The quantum server generates ℓ + 1 hypergraph states
|Gdn〉⊗ℓ+1, and sends each qubit of them to the client
one by one.
3. For the ℓ′th hypergraph state, the client performs
MBQC. For other ℓ hypergraph states, the client applies
the cover protocol of Sec. IV.
4. If the ℓ hypergraph states pass the cover protocol, the
client accepts the outcome of the MBQC on the ℓ′th
hypergraph state. Otherwise, the client rejects the out-
come.
From the universality of our hypergraph state |Gdn〉 (Theo-
rem 2), the client can obtain the correct result if the server is
honest, i.e. the sever sends the ideal states. Since there exists
only one-way communication from the server to the client in
our VBQC protocol, the privacy of the client is information-
theoretically preserved due to the no-signaling principal. The
verifiability of our VBQC protocol is automatically satisfied
by the verification protocol.
In the original proposal of VBQC [36], the client has to
prepare ten kinds of single-qubit states at the server’s side.
Although this requirement for the client has already been
reduced to the X and Z-basis measurements in Ref. [37],
our VBQC protocol is simpler than it, and our constructive
method is completely different from theirs. In particular, the
security proof of our VBQC protocol is much simpler be-
cause our VBQC protocol needs only one-way communica-
tion and therefore the security is trivially satisfied due to the
no-signaling principle, while the protocol of Ref. [37] needs
two-way communications.
VI. CONCLUSION & DISCUSSION
We have constructed a hypergraph state that enables uni-
versal quantum computing with onlyX and Z-basis measure-
ments. We have also shown that these measurements are suffi-
cient to verify our hypergraph state, and have also constructed
a VBQC protocol, which only requires X and Z-basis mea-
surements for the client. Our result decreases the number of
measurement bases required for reliable MBQC from existing
universal resource states.
In this paper, we have considered a hypergraph state. It is
open whether two measurement bases are enough also for a
graph state. It might be possible to find a measurement pat-
tern on a graph state where only two measurement bases are
enough for universal MBQC. However, we point out that if we
require that the MBQC is verifiable at the same time, at least
three measurement bases should be necessary. The reason is
as follows. It seems that in order to verify a graph state, at least
X and Z-basis measurements are necessary, because check-
ing stabilizers seems to be the only way of verifying graph
states. However, due to the Gottesman-Knill theorem, onlyX
and Z-basis measurements are not enough for the universal-
ity. Therefore, at least a single non-Clifford basis measure-
ment should be added, and in total, three measurement bases
are necessary. In this sense, our result seems to be optimal.
Our hypergraph state has two advantages over the Union
Jack state, which is another universal hypergraph state [24].
First, MBQC on our hypergraph state uses no imaginary num-
ber, while that on the Union Jack state does, because it needs
Y -basis measurements. This feature should simplify the fur-
ther theoretical analysis of MBQC on hypergraph states. Sec-
ond, our proof of universality is simpler than their proof, be-
cause they use the percolation argument, while we only use
the basic techniques of MBQC (i.e. the teleportation by the
X-basis measurement and the decoupling by theZ-basis mea-
surement).
Recently, in Refs. [24, 39], relations between MBQC and
symmetry-protected topological order (SPTO) have been dis-
cussed using the Union Jack state. It is an interesting outlook
to determine the SPTO phase of our hypergraph state. It would
also be interesting to consider whether or not we can reduce
the required measurement bases of the Union Jack state.
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